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(57) The invention integrally ananges a lens, an op- 
tical filter, a semiconductor imaging device, on-chip 
components, and a printed circuit board on a three-di- 
mensional circuit board and contrives the lens attach- 
ment structure, bonding method, color of an adhesive, 
masking of the lens, etc. in order to implement a struc- 
ture that allows high porfomnance, compact, lightweight 
and rigid design, and mass production, as well as a high- 
quality picture. 
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Description 
<Teciintcal Relcb 

[0001 ] The present invention relates to imaging appa- 
ratus such as a monitortng camera, a camera for med- 
Icai use and a vehicle-mounted camera downsized us* 
ing a semiconductor-imaging device. 

<BackgrDund of the lnvention> 

[0002] Conventionally, concemlhg Imaging apparatus 
of this type, as the semiconductor imaging device to 
convert a picture shot by lenses to an electric signal has 
become smaller and high-performance, the camera has 
become compact and has been used in various appli- 
cations thus enhancing the society's convenience. 
Smaller cameras have widely used In the market of a 
camera as a picture Input sensor. 
[0003] The imaging apparatus that uses a conven- 
tional semiconductor device has combined components 
such as a lens, a sembonductor-lmaging device and an 
LSI into case or a structure respectively. The printed cir* 
cult board of the apparatus has a fomi of a plane on 
which components necessary for driving the semicon- 
ductor-imaging devtee are mounted. 
[0004] However, in the method for assentbltng con- 
ventional cameras, reduction of the size of the camera 
is limited as long as the components are connected to 
each other even when the semiconductor-imaging de- 
vice Is downsized, that is, an expertise is required tor 
assembling or an automatic machine cannot be used for 
the assembling procedure. 

[0005] The present Invention solves the above prob- 
lems and provides Imaging apparatus that allows further 
downsizing and assembling using an automatic ma- 
chine and Its assembling method. 

<Dl8clo8ure of the lnventlon> 

[0006] Imaging apparatus of the invention has a sem- 
teonductor imaging device on the surface and compris- 
es a three-dimensional printed circuit board above the 
sembonductor Imaging device. With this configuration, 
all the components necessary forthe imaging apparatus 
can be Integrated on a three-dimensional printed circuit 
board for downsizing. 

[0007] Imaging apparatus of the invention comprises 
a three-dimensional circuit board having a leg and a cy- 
lindrical barrel provided on the leg. a semconductor im- 
aging devk:e attached on the back of the leg and a lens, 
supported inside the barrel, to impinge a light onto the 
semiconductor imaging device. With this configuration, 
dislocation on the optical axis between the semiconduc- 
tor device and the lens Is reduced. 
[0008] Imaging apparatus of the invention is charac- 
terized in that the three-dimensional circuit board in- 
cludes a barrel of a bottomed cylinder shape supporting 



the lens, a leg connected to the barrel, inside of whk:h 
is formed the wiring pattern and an opening formed at 
the boundary between the barrel and the leg. that the 
optical filter is anranged above the opening of the three- 
s dimensional circuit board, and that the semiconductor 
Imaging device and the on-chip components are ar- 
ranged below the opening. With this configuration, it is 
possible to do without a supporting component or joint 
assembly dedicated to a lens, an optical filter, a semi- 

10 conductor imaging device, an LSI, on-chip components, 
etc. that constitute imaging apparatus and downsize the 
imaging apparatus by integrating all of such compo- 
nents on a three-dhmenslonal circuit board. It is also pos- 
sible to reduce the length between the LSI that drives 

IS the semiconductor Imaging device and peripheral com- 
ponents thereby preventing the distortion of a dock sig- 
nal and unwanted radiation. 
[0009] imaging apparatus of the invention is charac- 
terized in that the three-dimensional circuit board com- 

^ prises a recessed shoulder where a wiring pattem is 
formed inside of the leg and that on the recessed shoul- 
der Is arTBnged a printed circuit board with an LSI and 
on*<:hip components Joined on one suriace or both sur- 
faces. With this conf igurBtion, it is possible to add further 

^5 features to the imaging apparatus. 

[0010] Imaging apparatus of the invention Is charac- 
terized in that the three-dimensional circuit board has a 
wiring pattem for directly provkJing an electric connec- 
tion between the three-dimensional circuit board and 

30 another printed circuit board on the bottom of the teg. 
With this configuration, it is possible to directly attach an 
assembled three-dimensional circuit board to the main 
printed circuit board of a portable telephone set, a PC 
or various sensors. This implements a compact imaging 

35 system and a lightweight structure owing to elimination 
of a connector, etc. 

[001 1] Imaging apparatus of the Invention Is charac- 
terized in that the three-dimensional circuit board com- 
prises a plurality of adhesive injection grooves for inject- 

^0 Ing an adhesive on the upper area of the Inner circum- 
ference of the ban-el. With this configuration, by instilling 
an adhesive using a jug having the shape of a dropping 
pipet into the adhesive injection grooves, it is possible 
to uniformly pemieate an adhesh^e onto the periphery 

^ of the lens in order to readily fix the lens on the three- 
dimensional circuit board. 

[0012] Imaging apparatus of the invention is charac- 
terized in that the inner circumference of the barrel of 
the three-dimensional circuit board is formed while ta- 

50 paring downward adjacent to the adhesive Injection 
grooves. With this configuration, It is possible to uniform- 
ly permeate an adhesive onto the periphery of the lens 
on the Inner circumference of the barrel to assure pre- 
cise bonding. It Is also possible to provide a structure 

35 whereby a lens Is easily inserted Into a three-dimension- 
al circuit board by using an automata machine from 
above or when a three-dimensional circuit board is ele- 
vated from beneath to attach the three-dimensional cir- 
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cuit board to the lens in fixed position. 
[0013] Imaging apparatus of the invention Is charac- 
terized in that the adhesive is black. With this configu- 
ration, it is possible to absorb with black color of the ad- 
heshre an irregular light inside the lens reaching the lens 
side thus preventing reHectJon of the light on the lens 
side. It is thus possible to prevent a light in the direction 
of the optical axis caused by the poor surface accuracy 
of the lens or dust on the lens from generating optical 
Interference inside the lens or from reaching the semi- 
conductor imaging device thus degrading the quality of 
the picture obtained. 

[0014] Imaging apparatus of the Invention is charac- 
terized in that In the lower area of the barrel of the three- 
dimensional circuit board Is provided an adhesive res- 
ervoir. With this configuration, it is possible to prevent 
an adhesive from seeping through the bonding site of 
the lens to cause Internal contamination when an adhe- 
sive Is injected in excess or is less viscous. 
[001 5] Imaging apparatus of the invention Is charac- 
terized in that the sections other than the effective sec- 
tion of the lens on the front of the lens are masked. With 
this configuration, It is possible to prevent an incident 
light from a section other than the effective section of 
the lens thus preventing distortion of a picture or degrad- 
ing of picture quality caused by inregular reflection. 
[001 6] Imaging apparatus of the invention is charac- 
terized In that the an optical filter is omitted from the fore- 
going configuration. With this configuration, it is possible 
to provide imaging apparatus fit for a specific purpose 
of use, that is, imaging apparatus that is sensitive 
enough to detect in the nighttime the basic signal Y of 
a picture alone, or a sensor that can extract a video sig- 
nal In the Infrared region. 

[0017] A Imaging apparatus assembling method of 
the Invention Is characterized in that, with respect to a 
three-dimensional circuit board having a banrel of a bot- 
tomed cylinder shape, a leg connected to the barrel. In- 
side of which Is formed a wiring pattern and an opening 
formed at the boundary behveen the barrel and the leg, 
the method comprises a step of joining a lens with the 
Inner circumference of the barrel, a step of joining a 
semiconductor Imaging device with the wiring pattern so 
as to block the opening from the back of the leg, and a 
step of Joining on-chip components with the wiring pat- 
tern. With this method, it Is possible to separate the man- 
ufacturing process by performing bonding of compo- 
nents to be assembled from above the three-dimension- 
al circuit board and by perfonning electric connection of 
components from beneath the three-dimensional circuit 
board by way of soldering, a conductive adhesive, or 
ultrasound joint, thereby assuring efficient manufactur- 
ing that allows easy assembly using an automatic ma- 
chine. 

[0018] A imaging apparatus assembling method of 
the invention is characterized in that, with respect to a 
three-dimensional circuit board having a barrel of a bot- 
tomed cylinder shape, a leg connected to the barrel, in- 



side of which is fomned a wiring pattern and an opening 
fonmed at the boundary between the barrel and the leg, 
the method conrtprises a step of Joining a lens with the 
Inner circumference of the barrel, a step of joining a 
5 semiconductor imaging device with the wiring pattern so 
as to block the opening from the back of the leg, a step 
of Joining on-chip components with the wiring pattem, 
and a step of Joining with the recessed shoulder a print- 
ed circuit board with an LSI and on-chip components 
10 joined in advance on one surface or both surfaces. With 
this method, it is possible to separate the manufacturing 
process by performing bonding of components to be as- 
sembled from above the three-dimensional circuit board 
and by perfbmiing electric connection of components 
from beneath the three-dimensional circuit board by way 
of soldering, a conductive adhesive, or ultrasound joint, 
thereby assuring efficient manufacturing that allows 
easy assembly using an automatic machine. 
[0019] A Imaging apparatus assembling method of 
20 the invention is characterized in that, with respect to a 
three-dimensional circuit board having a ban-el of a bot- 
tomed cylinder shape, a leg connected to the barrel. In- 
side of which is fomned a wiring pattem and an opening 
fomned at the boundary between the barrel and the leg, 

25 the method comprises a step of Joining an optical filter 
so as to block the opening from the barrel side, a step 
of Joining a lens with the Inner circumference of the bar- 
rel, a step of Joining a semiconductor Imaging device 
with the wiring pattern so as to block the opening from 

30 the back of the leg. and a step of joining on-chip com- 
ponents with the wiring pattern. With this method, it is 
possible to separate the manufacturing process by per- 
fomfiing bonding of components to be assembled from 
above the three-dimensional circuit board and by per- 

35 forming electric connection of components from be- 
neath the three-dimensional circuit board byway of sol- 
dering, a conducthreadhesh^e, orultrasoundJolnt,there- 
by assuring efficient manufacturing that allows easy as- 
sembly using an automatic machine. 

40 [0020] A Imaging apparatus assembling method of 
the Invention is characterized in that, with respect to a 
three-dimensional circuit board having a banrel of a bot- 
tomed cylinder shape, a leg connected to the barrel. In- 
side of which is formed a wiring pattern and an opening 

45 formed at the boundary between the barrel and the leg, 
the method comprises a step of joining an optical fitter 
so as to block the opening from the barrel side, a stop 
of joining a lens with the inner circumference of the bar- 
rel, a step of Joining a semiconductor imaging device 

^0 with the wiring pattern so as to block the opening from 
the back of the leg, a step of joining on-chip components 
with the wiring pattem, and a step of joining with the re- 
cessed shoulder a printed circuit board with an LSI and 
on-chip components joined in advance on one surface 

55 or both surfaces. With this method, it is possible to sep- 
arate the manufacturing process by performing bonding 
of components to be assembled from above the three- 
dimensional circuit board and by performing electric 
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connection of components from beneath the three-d1* 
mensional circuit board by way of soldering, a conduc- 
tive adhesive, or ultrasound joint, thereby assuring effi- 
cient manufacturing that allows easy assembly using an 

automatic machine. 

[0021] A Imaging apparatus assembling method of 
the Invention is characterized in that the method com- 
prises a step of joining an assembled three-dimensional 
circuit board to another printed circuit Ixiard via a winng 
pattem fomied on the bottom of its leg. With this method, 
it is possible to directly attach a three-dimensional circuit 
board mounting a lens, an optical filter, a semiconductor 
Imaging device, an LSI, on-chip components, etc. to the 
main printed circuit board of a portable telephone set. a 
PC or various sensors. 

<Brief Description of the Drawlngs> 



[0022] 

Rg. 1 1s a peispective view of Imaging apparatus in 
Embodiment 1 of the invention. 
Fig. 2 is a sectional view of Imaging apparatus in 
Embodiment 1 of the invention. 
Rg. 3 Is a sectional view of imaging apparatus In 
Embodiment 2 of the invention. 
Rg. 4 is a perspective view of the bonom of a three- 
dimensional circuit board In the ennbodiments of the 
Invention. 

Rg. 5 is a schematic view of an optical system in 
the embodiments of the invention. 
Rg. 6 is a characteristic diagram showing the sen- 
sitivity characteristic of a semiconductor imaging 
device In the embodiments of the Invention. 
Rg. 7 is a schematic view of another optical system 
in the embodiments of the Invention. 
Rg. 8 Is a perspective view of Imaging apparatus 
showing the adhesive Injecting method In the em- 
bodiments of the invention. 
Rg. 9 Is a sectional view of Imaging apparatus 
showing the adhesive injecting method in the em- 
bodiments of the invention. 
Rg. 10 is a sectional view of imaging apparatus 
showing the Irregiiiar reflection prevention method 
in the embodiments of the Invention. 
Rg. 11 is a partial sectional view of imaging appa- 
ratus showing the adhesive seeping prevention 
method In the embodlnients of the invention. 
Rg.1 2 Is a perspective view of imaging apparatus 
showing the lens mask in the embodiments of the 
invention. 

Rg. 13 Is front view of a lens equipped with a lens 
mask in the embodiments of the Invention. 
Rg. 1 4 is front view of a lens without a lens mask 
in the embodiments of the invention. 

[0023] In the figures, a numeral 1 represents a three- 
dimensional circuit board, 1 A a leg. IB a barrel. 1C an 



opening, ID a recessed shoulder, 2 a lens, 3 an optk:al 
fitter, 4 a semiconductor imaging device, 5 bonding 
points (adhesive injection grooves), 6 a lens mask. 7 an 
adhesive reservoir, 8 on-chip components, 9 an adhe- 

5 sive, 1 0 a printed circuit board, 1 1 a an LSI, 1 1 b on-chip 
components, 12 a dropping plpet, 13 a printed circuit 
board. 14 solder, 15 a taper, 16 Inckient lights. 17 an 
optical axis, 18 a bottom of a three-dimensional circuit 
board, 1 9 a side of a three-dimensional circuit board. 22 

10 a pattem, and 23 a video amplifier circuit. 

<Best Mode for Carrying Out the invention> 

[0024] Embodiments of the invention will be de- 
IS scribed referring to the drawings. 



(Embodiment 1) 

[0025] Fig. 1 is a perspective view showing the first 
» embodiment of imaging apparatus according to the In- 
vention. Fig. 2 is a sectional view thereof. In Figs. 1 and 
2, a three-dimensional circuit board 1 1s composed of a 
leg 1A having rectangular frustum shape and a barrel 
1 B thereon having the shape of a bottomed cylinder, and 
an opening 1 C is fomied at the boundary between the 
leg 1 A and the barrel 1B and a wiring pattem 22 Is 
formed on the back side of the leg 1A. Onto the inner 
circumference of the barrel 1 B of the three-dimensional 
circuit board 1 is fit a lens 2, about whose optical axis 
so 1 7 is arranged an optteal filter 3 above the opening 1 C, 
below which are arranged a semiconductor imaging de- 
vice 4 and on-chip components 8. Ail of these compo- 
nents are completed when attached to a three-dimen- 
sional circuit board 1 . Beneath the three-dimensional 
^ circuit board is arranged a printed circuit board 13 as a 
main circuit board of a portable telephone set, a PC or 
various sensors to which the three-dimensional circuit 
board 1 is attached. 

[0026] Next, the assembly sequence of Imaging ap- 

40 paratus in this embodiment will be briefly described. An 
optical filter 3 is fixed to the three-dimensional circuit 
board 1 from above, a lens 2 equipped with a lens mask 
6 in advance on the surface Is attached, then the lens 2 
Is fixed by Injecting an adhesive from bonding points 

« (adhesive Injection grooves) 5 formed on the Inner pe- 
riphery of the ban-el 1 . An excess volume of the injected 
adhesive is stored in the adhesive reservoir 7 below the 
injectton point 5. Next, from beneath the three-dimen- 
sional circuit board 1 , a semiconductor imaging device 

so 4, an LSI or on-chip components 8 such as a resistor 
and a capacitor are electrically connected to a pattem 
22 by way of soldering 14, a conductive adhesive, or 
ultrasound joint, etc. and a leg 1 A is electrically connect- 
ed to the pattern of a printed circuit board 13 via the 

S5 pattern 22 by way of soldering, a conductive adhesive, 
or ultrasound joint, etc. 

[0027] In this way, according to Embodiment 1 of the 
invention, it is possible to provide a compact, lightweight 
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and r^fd structure by arrenging the lens 2 on the three- 
dimensional circuit board 1 and an^anging the optk»l fil- 
ter 3 and the semiconductor imaging device 4 on the 
optical axis 17 of the lens 2, and by integrally fixing the 
on-chip components B to the pattern 22 of the three-di- 
mensional printed circuit board 1 . This approach allows 
assembly by an automatic machine and is fit for mass 
production. Further, by mounting the on<hip compo- 
nents 8 on the three-dimensional printed circuit board 1 
to perfonn driving of the semiconductor imaging device 
4 and deK»>upiing of circuits, it is possible to do without 
a lead wire of a length corresponding to wiring to the 
drive circuit forthe semiconductor imaging device 4 and 
components mounted on the circuit board thus providing 
a simpfe structure, thereby reducing a round waveform 
of a dock signal flowing in the lead wire as well as re- 
ducing unwanted radiation by way of de-coupling of cir- 
cuits. 

(Embodiments) 

[0026] Fig. 3 is a sectional view of imaging apparatus 
in Embodiment 2 of the invention. For simplicity, similar 
members to those In Embodiment 1 are assigned the 
similar signs. In Fig. 3. a three-d'nnensional printed cir- 
cuit board 1 is composed of a leg 1 A having a rectan- 
gular frustum shape and a banel 1 B thereon having the 
shape of a bottomed cylinder, and an opening 1C is 
formed at the boundary between the leg 1 A and the bar- 
rel 1 B and a recessed shoulder 1 D is formed inside the 
leg 1 A. On the back-side of the leg 1 A including the re- 
cessed shoulder ID is formed a wiring pattern 22. Onto 
the Inner circumference of the barrel 1B of the three- 
dimensional circuit board 1 is fit a lens 2, about whose 
optical axis 1 7 is arranged an optical filter above the 
opening 1C, below which are arranged a semiconductor 
Imaging device 4 and on-chip components 8. On the re- 
cessed shoulder 10 beneath is arranged a printed cir- 
cuit board 10 mounting an LSI 11a and on-chip compo- 
nents 11b on one surface or both surfaces, and finally a 
printed circuit board of a portable telephone set, etc. Is 
arranged. 

[0029] Next, the assembly sequence of Imaging ap- 
paratus Embodiment 2 will be briefly described. An op- 
tical filter 3 Is fixed to the three-dimensional circuit board 
1 from above, a lens 2 equipped with a lens mask 6 in 
advance on the surface is attached, then the lens 2 Is 
fixed by injecting an adhesive from bonding points 5 
formed on the Inner periphery of the barrel IB. An ex- 
cess volume of the injected adhesive Is stored in the ad- 
hesive reservoir 7 below the injection point 5. Next, from 
beneath the three-dimensional circuit board 1, a semi- 
conductor imaging device 4, an LSI or on-chip compo- 
nents 8 such as a resistor and a capacitor are electrically 
connected to a pattern 22 by way of soldering 14, a con- 
ductive adhesive, or ultrasound Joint, etc., a printed cir- 
cuit board 10 is electrfcaity connected to the pattern 22 
of the recessed shoulder 1 D by way of soldering 1 4, and 



finally a leg 1 A Is electricatly connected to the pattern of 
a printed circuit board 13 via the pattern 22 by way of 
soldering, a conductive adhesive, or ultrasound joint, 
etc. 

s [0030] In tills way, according to Embodiment 2 of the 
Invention. It Is possible to add further features to the Im- 
aging apparatus on top of the advantages of Embodi- 
ment 1 by an^nglng the lens 2 on the tiiree-dimensronal 
circuit board 1 and an-anglng the optfeal filter 3 and the 

10 semiconductor imaging devrce 4 on tiie optcal axis 1 7 
of the lens 2, and by integrally fixing the printed circuit 
board 1 0 mounting the LS1 1 1 a and on-chip components 
8 to tiie pattem 22 of the tiiree-dlmenslonal circuit board 
1. 

IS [0031] Next, description common to the aforemen- 
tioned Embodiment 1 and Embodiment 2 will be ghfen. 
Fig. 4 shows ttie bottom of the three-dimensional circuit 
board 1. In order to electrically connect Imaging appa- 
ratus where components are attached by way of joint 

so and electrical connection from above and from beneatti 
the three-dimensional circuit board 1 to the printed cir- 
cuit board 13 for applications such as a portable tele- 
phone set, a PC, etc., the pattem 22 where the semi- 
conductor Imaging device 4, the printed circuit board 1 0 

^ are electrically connected Is formed by way of priming 
or bonding along a bottom 18 of the three-dimensional 
circuit board 1 and so as to reach a side 1 9 of the ttiree- 
dimenslonal circuit board. Via the pattern 22 Uie bottom 
1 8 of the tiiree-dlmenslonal circuit board is an^anged on 

so ttte printed cinniit board 1 3 for the application and elec- 
trically joined with the printed circuit board 13 by way of 
soldering 14. aconductive adhesh/e, oruttrasound joint, 
etc., and a video signal converted to an electric signal 
by the semiconductor Imaging devk;e Is output to the 

35 main body of the application. 

[0032] Fig. 5 shows an optical system in the afore- 
mentioned embodiments. Incident lights 16 are con- 
densed d by a lens 2, passes through an optical filter 3 
that suppresses the sensitivity in the infrared spectrum, 

40 and impinges on the semkx)nductor imaging device 4. . 
A CCD as a representative semiconductor imaging de- 
vice 4 shows a flat sensitivity characteristic in the visible 
light region as the characteristic B obtained by passing 
tiirough the optical filter 3. amplified by a video amplifier 

^ circuit 23 and con^sponds to a color picture as a video 
signal of a flat chamcteristk;. In the CCD sensitivity char- 
acteristic shown in Fig. 6, the characteristic A without 
the optical filter 3 shows an extremely high sensitivity In 
tiie infrared region so that tiie imaging apparatus can 

^ be used for Imaging pictures in a dark place or as an 
Infrared sensor by utilizing the sensitivity in the Infrared 
region when Imaging an object in a daric place. Thus, as 
shown in Fig. 7, By removing tiie filter 3 for suppressing 
the sensitivity in the infrared region and configuring the 

55 imaging apparatus by tiie lens 2 and the semiconductor 
imaging device 4, it is possible to use the imaging ap- 
paratus as high-sensitivity imaging apparatus or an in- 
frared sensor thus enhancing the applteation range of 
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and rigid structure by arranging the lens 2 on the three- 
dimensional circuit board 1 and an^anging the optical fil- 
ter 3 and the semiconductor Imaging device 4 on the 
optical axis 1 7 of the lens 2, and by integrally fixing the 
on-chip components 8 to the pattern 22 of the three-di- s 
menslonal printed circuit board 1 . This approach allows 
assembly by an automatic machine and is fit for mass 
production. Further, by mounting the on-chip compo- 
nents 8 on the three-dimensional printed circuit board 1 
to perform driving of the semiconductor imaging device io 
4 and de-coupling of circuits, it is possible to do without 
a lead wire of a length con-espondlng to wiring to the 
drive drcuit for the semiconductor imaging device 4 and 
components mounted on the circuit board thus providing 
a simple structure, thereby reducing a round wavefonn is 
of a clock signal flowing in the lead wire as well as re- 
ducing unwanted radiation by way of de-coupling of cir- 
cuit. 

(Embodffnent2) 20 

[0028] Fig. 3 Is a sectional view of imaging apparatus 
in Embodiment 2 of the Invention. For simplicity, similar 
members to those in Embodiment 1 are assigned the 
similar signs. In Fig. 3, a three-dimensional printed cir- 25 
cult board 1 is composed of a leg 1 A having a rectan- 
gular frustum shape and a ban^el 1 B thereon having the 
shape of a bottomed cylinder, and an opening 1C is 
formed at the boundary between the leg 1 A and the bar- 
rel 1 B and a recessed shoulder 1 D is fomied inside the 3o 
leg 1 A. On the back-side of the leg 1 A including the re- 
cessed shoulder 1 D is formed a wiring pattern 22. Onto 
the Inner circumference of the barrel 1 B of the three- 
dimensional circuit board 1 is fit a lens 2, about whose 
optical axis 17 is arranged an optical filter above the 35 
opening 1 C, below which are arranged a semiconductor 
Imaging device 4 and on-chip components 8. On the re- 
cessed shoulder ID beneath is anranged a printed cir- 
cuit board 10 mounting an LSI 11a and on-chip compo- 
nents 11 b on one surface or both surfaces, and finally a 40 
printed circuit board of a portable telephone set, etc. is 
arranged. 

[0029] Next, the assembly sequence of imaging ap- 
paratus Embodiment 2 will be briefly described. An op- 
ticalfllter3 isflxedto the three-dimensiortal circuit board 
1 from above, a lens 2 equipped with a lens mask 6 in 
advance on the surface is attached, then the iens 2 is 
fixed by injecting an adhesive from bonding points 5 
formed on the inner periphery of the barrel 1 B. An ex- 
cess volume of the injected adhesive is stored in the ad- so 
heslve reservoir 7 below the Injection point 5. Next, from 
beneath the three-dlmenslonai circuit board 1 , a semi- 
conductor imaging devbe 4, an LSI or on-chip compo- 
nents 8 such as a resistor and a capacitor are electrically 
connected to a pattern 22 by way of soldering 1 4, a con- ss 
ductive adhesive, or ultrasound Joint, etc., a printed cir- 
cuit board 10 is electrically connected to the pattern 22 
of the recessed shoulder 1 D by way of soldering 1 4, and 



finally a leg 1 A is electrically connected to the pattern of 
a printed circuit board 13 via ttie pattern 22 by way of 
soldering, a conductive adhesive, or ultrasound joint, 
etc. 

[0030] In this way, according to Embodiment 2 of the 
invention. It Is possible to add further features to the Im- 
aging apparatus on top of ttie advantages of Embodi- 
ment 1 by anBnging the (ens 2 on the three-dimensional 
circuit boand 1 and arranging the optical filter 3 and the 
semiconductor imaging device 4 on the optteal axis 17 
of the lens 2, and by integrally fixing the printed drcuit 
board 1 0 mounting the LS1 1 1 a and on-chip components 
8 to the pattem 22 of the three-dimensional circuit board 
1. 

[0031] Next, description common to the aforemen- 
tioned Embodiment 1 and Embodiment 2 will be given. 
Rg. 4 shows the bottom of the ttiree-dimensional circuit 
board 1 . In order to electrically connect Imaging appa- 
ratus where components are attached by way of joint 
and electrical connection from above and from beneath 
the three-dimensional circuit board 1 to the printed dr- 
cuit board 13 for applications such as a portable tele- 
phone set, a PC, etc., the pattern 22 where the semi- 
conductor imaging devtee 4, the printed circuit board 1 0 
are electrically connected Is fomned by way of printing 
or bonding along a bottom 18 of the three-dimensional 
circuit board 1 and so as to reach a side 1 9 of the th ree- 
dimensional drcuit board. Via the pattem 22 the bottom 
1 8 of the three-dimensional drcuit board is anBnged on 
the printed circuit board 13 for the application and elec- 
trically joined with the printed drcuit board 1 3 by way of 
soldering 1 4, a conductive adhesive, or ultrasound Joint, 
eta, and a video signal converied to an electric signal 
by the semk;onductor imaging device is output to the 
main body of the applk^on. 
[0032] Fig. 5 shows an optical system In the afore- 
mentioned embodiments. Incident lights 16 are con- 
densed d by a lens 2, passes through an optical fitter 3 
that suppresses the sensitivity In the Infrared spectrum, 
and Impinges on the semteonductor imaging device 4. . 
A CCD as a representative semtoonductor Imaging de- 
vice 4 shows a flat sensltMty characteristic In the visible 
light regton as the characteristic B obtained by passing 
through the optical filters, amplified by a video amplifier 
circuit 23 and con'esponds to a color picture as a video 
signal of a flat characteristic. In the CCD sensitivity char- 
acteristic shown in Fig. 6, the characteristic A without 
the optical filter 3 shows an extremely high sensitivity in 
the infrared region so ttiat the imaging apparatus can 
be used for imaging pictures In a dark place or as an 
Infrared sensor by utilizing the sensitivity In the infrared 
region when imaging an object in a dari( place. Thus, as 
shown In Fig. 7, By removing ttie filter 3 for suppressing 
the sensitivity In the Infrared region and configuring the 
imaging apparatus by tiie lens 2 and the semiconductor 
imaging device 4, it is possible to use the imaging ap- 
paratus as high-sensitivity imaging apparatus or an in- 
frared sensor thus enhancing the application range of 
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the imaging apparatus. 

[0033J Fig. 8 shows a method for fixing by bonding a 
lens 2 with a three-dinnenslonal circuit board 1 in the em- 
bodiments. The stnjcture shown comprises four bond- 
ing points (adhesive injection grooves) 5 Inside the io- 5 
cation where the lens 2 of the three-dfmenslonal drcutt 
board 1 is inserted thus facilitating the bonding work. 
The number of bonding points 5 Is Increased^dacreased 
depending on the viscosity of the adhesive 9. When the 
adhesive 9 is less viscous, the number of bonding points io 
5 is decreased and the adhesive 9 is injected in the fom) 
of instillation 9a, which fonns adhesive spread 9b to 
bond the lens 2 with the three-dimensional circuit board 
1 . When the adhesive 9 Is more viscous, an appropriate 
volunne of the adhesive 9 is Injected In the form of Instil- is 
lation 9a from a plurality of bonding points 5. This struc- 
ture is fit for effectively perfonning the Instillation 9a from 
the dropping pipet 12 when imaging apparatus is suc- 
cessively produced using an automatic machine. 
[0034] Fig. 9 shows a structure where the inner pe- so 
ripheryofthe three-dimensional circuit board 1 isataper 
1 5 so that the adhesive 9 may pemieate into the bound- 
ary between the lens 2 and the three-dimensional circuit 
board 1 when the lens 2 is bonded with the three-dimen- 
sional circuit board 1. By doing this, the instillation 9a 25 
Injected from bonding points 5 In successive production 
of imaging apparatus flows along the taper 15 to form 
the adhesive spread 9b and is applied unifomily In the 
peripheral of the lens 2. The taper 16 can be used to 
gWe a margin to the insertion of an automatic machine 30 
when the lens 2 is attetched in place from above, In suc- 
cessive production of Imaging apparatus. In other 
words, It Is possible to Insert the lens 2 from above with 
good margin while following the taper. 
[0035] Fig. 10 shows a structure where the adverse 35 
effects on a picture caused by irregular reflection are 
minimized. When incident lights 16 are impinged and 
condensed by the lens 2 and focused on the semicon- 
ductor Imaging device 4, an inregularly reflected light 
1 6a caused by dust on the surface of the lens 2 or in^eg- <o 
ularity of lights inside the lens 2 impinges on a lens side 
2a and reflects thereon, which may interfere with the in- 
cident lights 16 or reach the semiconductor Imaging de- 
vice 4 thus causing distortion or disturbances in a pic- 
ture. In order to prevent this, a daric (black) colored ad- « 
hesh^e 9 is used for bonding on the outer surface of the 
lens 2 thus suppressing reflection of light on the lens 
side 2a. This allows an optical signal to suppress reflec- 
tion of irregularly reflected light 16a to be output from 
the lens side 2a to the semiconductor imaging device 4. so 
[0036] Fig. 11 shows a structure that prevents seep- 
ing of an excess volume of the adhesive 9 through the 
inside of the three-dimensional circuit board. In case the 
volume of the instillation 9a is excessive when the lens 
2 is bonded with the three-dimensional circuit board 1 ss 
with an adhesive, the adheshre 9a drops Inside the 
three-dimensional circuit board 1 thus forming seeping 
9c from the lens contact surface la thus contaminating 



the inside. In order to prevent this, an adhesive reservoir 
7 is provided in the lower area of the Inner periphery of 
the barrel of the three-dimensional circuit board 1. 
[0037] Rg. 1 2 Is a structure where the adverse effects 
on a picture caused by lights impinging on the sections 
other than the effective lens section are minimized. The 
lens 2 is more lightweight than a glass iens and is often 
manufactured by way of resin molding In order to adjust 
the refractive Index as an aspheric lens. In the case of 
a resin-molded lens, as shown in Fig. 13, when Incident 
lights 21 a, 21 b Inrpinge on a plane 2b separate from the 
effective lens section, the lights that impinged enter the 
tens due to irregular reflection on the lens surface, such 
as an Irregularly reflected light 21c, thus Interfering with 
the incident lights 21 or reaching the semiconductor im- 
aging device 4, which may distort the picture or degrade 
the picture quality otherwise. In orderto prevent this, as 
shown in Fig. 14, the stnjcture is equipped with a lens 
mask 6 by way of a black system coating or metal ma- 
terial onto the plane 2b, so that lights may not Impinge 
from the plane 2b separate from the effective lens sec- 
tion 2a of the lens 2. 

[0038] In this way, it is possible to commercialize im- 
aging apparatus at a high level by way of particular as- 
sembly of the lens 2, optical filter 3, semiconductor Im- 
aging device 4, printed circuit boards 10, 13 with the 
three-dimensional circuit board 1. It Is also possible to 
provide a structure where electric connection with a 
printer circuit board for an applk^tion using direct con- 
nection without connectors, etc. Another stmcture is 
possible where the printed wiring pattern 22 provided 
on the bottom and sides of the three-dimensional circuit 
board 1 is used to insert the three-dimensional circuit 
board into connectors provided on a printer circuit board 
for an applk^Uon thus providing electric connection. 

<lndustrial Appllcability> 

[0039] As described hereinbefore, the invention has 
a structure where a three-dimensional circuit board is 
provided having a wiring pattern for connecting a sem- 
fconductor imaging devh:e and on-chip components, 
and a lens, as well as an optical filter and the semicon- 
ductor Imaging device ananged on the optical axis of 
the lens are Integrally Incorporated on the three-dimen- 
sional circuit board, It is possible to provide a compact, 
lightweight and rigid Imaging apparatus where all the 
components necessary for imaging apparatus are inte- 
grated on the three-dimensional circuit board, as well as 
implement an assembling method that allows automatte 
mounting of components and excellent intemis of mass 
production. 



Claims 

1 . Imaging apparatus comprising: 
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a semiconductor imaging device on a surface 
of the Imaging apparatus; and 
a three-diinensional drcutt board above said 
semiconductor imaging device. 

2. Imaging apparatus comprising: 

a three-dimensional circuit board having a leg 
and a cylindrical barrel provided on the leg; 
a semiconductor imaging device attached on 
bacic of said leg; and 

a lens, supported inside said banrel, to Impinge 
a light onto said semiconductor Imaging device. 

3. Imaging apparatus according to daim 1 or 2, char^ 
acterlzed in that said three-dimensional drcuit 
board Indudes: 

a ban'el of a bottomed cylinder shape support- 
ing said lens; 

a leg connected to said barrel, inside of which 
Is formed said wiring pattem; and 
. / an opening fomned at the boundary between 
said barrel and the leg, 

that said optical fitter is arranged above 
said opening of said three-dimensional drcuit 
board, and that said semiconductor imaging 
device and said on-dilp components are ar- 
ranged below said opening. 

4. Imaging apparatus according to daim 1 or 2, char- 
acterized in that said three-dimensional drcuit 
board comprises a recessed shoulder where a wir- 
ing pattem is formed inside said leg and that on said 
recessed shoulder is an^anged a printed circuit 
board with an LSI and on-chip components Joined 
on one surface or both surfaces. 

5. Imaging apparatus according to daim 3, character- 
ized In that said three-dimensional circuit board 
has a wiring pattern for directly providing an electric 
connection between said three-dimensional circuit 
board and another printed circuit board on the bot- 
tom of said leg. 

6. Imaging apparatus accordlngto dalmS, character- 
ized in that said three-dimensional circuit board 
has a plurality of adhesive injection grooves for In- 
jecting an adhesive on the upper area of the Inner 
circumference of said barrel. 

7. Imaging apparatus according to claim 6, character- 
ized In that the Inner circumference of said barrel 
of said three-dimensional circuit board is formed 
while tapering downward adjacent to said adhesive 
injection grooves. 

8. Imaging apparatus according to daim 6 or 7. char- 



acterized In that said adheshre is black. 

9. Imaging apparatus according to any one of the 
claims 6 through 8, characterized in that in the 

5 lower area of said ban'el of said three-dimensional 
circuit board Is provided an adhesive reservoir. 

10. Imaging apparatus according to any one of the 
claims 1 through 9, characterized In that the sec- 

10 tions other than the effective section of the lens on 
the front of the lens are masked. 

11. Imaging apparatus according to any one of the 
claims 1 through 1 0. characterized In that the saM 

19 optical filter is omitted. 

12. A imaging apparatus assembling method charac- 
terized In that, with respect to a three-dimensional 
circuit board having a barrel of a bottomed cylinder 

^ shape, a leg connected to said banrel Inside of which 
is fonned a wiring pattern and an opening formed 
at the boundary between said barrel and the teg, 
said method comprises a step of joining a lens with 
the Inner circumference of saU banrel, a step of joln- 

^ Ing a semiconductor Imaging device with said wiring 
pattem so as to block said opening from the back 
of said leg, and a step of joining on-chip compo- 
nents with said wiring pattem. 

so 13, A Imaging apparatus assembling method charac- 
terized in that, with respect to a three-dimensional 
circuit board having a barrel of a bottomed cylinder 
shape, a leg connected to said barel. inside of 
whch is fomied a wiring pattem and an opening 

35 fomied at the boundary between said ban'el and the 
teg, said method comprises a step of Joining a tens 
with the inner circumference of said barrel, a step 
of joining a semiconductor imaging device with sard 
wiring pattem so as to block said opening from the 

40 back of said leg, a step of Joining on-chip compo- 
nents with said wiring pattem, and a step of jdning 
with said recessed shoulder a printed circuit board 
with an LSI and on-chip components joined in ad- 
vance on one surface or both surfaces. 

45 

14. A imaging apparatus assembling method charac- 
terized in that, with respect to a three-dimensional 
circuit board having a barrel of a bottomed cylinder 
shape, a teg connected to saW barrel, Inside of 

90 which is formed a wiring pattern and an opening 
formed at the boundary between said ban'el and the 
leg, said method comprises a step of Joining an op- 
tical fitter so as to block said opening from said bar- 
rel side, a step of joining a tens with the Inner dr- 

ss cumf erence of said barrel, a step of joining a sem- 
iconductor Imaging device with said wiring pattern 
so as to block said opening from the back of said 
leg, and a step of Joining on-chip components with 
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said wiring pattern. 

15. A imaging apparatus assembling method charac- 
terized in that, with respert to a three-dimensional 
circuit board having a ban-el of a bottomed cylinder 5 
shape, a leg connected to said barrel, Inside of 
which is fonmed a wiring pattern and an opening 

f omned at the boundary between said barrel and the 
leg, said method comprises a step of joining an op- 
tical filter 60 as to block said opening from said bar- io 
rel side, a step of joining a lens with the Inner cir- 
cumference of said barrel, a step of joining a sem- 
iconductor imaging device with said wiring pattern 
so as to block said opening from the back of said 
leg, a step of joining on-chip components with said is 
wiring pattern, and a step of joining with said re- 
cessed shoulder a printed cinsuit board with an 1^1 
and on-chip components Joined in advance on one 
surface or both surfaces. 

20 

16. A imaging apparatus assembling method according 
to any one of the claims 12 through 1 5 character- 
ized In that said method comprises a step of joining 
an assembled three-dimensional circuit board to 
another printed circuit board via a wiring pattern 25 
formed on the bottom of its leg. 
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